TEM experiments and sample preparation
The surface segregation experiments were performed in a dedicated environmental TEM (FEI Titan 80-300) equipped with an objective-lens aberration corrector. Single-crystal Cu-10at.%Au(100) thin films with a nominal thickness of ~50 nm were grown on NaCl using e-beam co-evaporation of Cu and Au. The alloy films were transferred from the NaCl substrate by flotation in deionized water, washed, and mounted onto a TEM specimen holder. As TEM imaging is a two-dimensional (2D) projection view of a 3D object along the direction of the transmitted electron beam, the surface information overlaps with the bulk and cannot be resolved along the planar view direction. We overcome this issue by annealing the CuAu films at 600 °C and in a pH 2 
Identification of Cu and Au arrangement at the (420) surface
We performed HRTEM image simulation to ascertain the origin of the atomic column contrast difference between each atomic column at the surface and subsurface region, by assigning the Cu and Au atoms at each column of the (420) facet. The simulated HRTEM images ( Fig. S1(b) ) obtained using the Cu and Au arrangement as shown in Fig. 4 (a) consistently reproduced the characteristically darker Au atom contrast for the alternative columns of the (100) terrace of the (420) facet relative to the neighboring column ( Fig. S1(a) ). Experimental parameters used in the HRTEM image simulation: accelerating 
DFT calculations
The DFT calculations were performed using the Vienna ab initio simulation package 5, 6 with the PW91 generalized gradient approximation 7 and projector-augmented wave potentials 8 using a cutoff energy of 400 eV. The calculations were carried out with broadening of the Fermi surface according to
Methfessel-Paxton smearing technique 9 with a smearing parameter of 0.2 eV. The structural optimization is terminated when all force components acting on the unconstrained atoms are less than 0.01 eV/Å, while the bottom 4 layers are fixed and the rest of the atoms are free to relax. The Brillouin zone is sampled using a 2 × 12 × 1 Monkhorst-Pack mesh 10 . We calculated the lattice constant of Cu to be 3.64 Å.
The models shown in Fig. S2 represent the slab models based on the (420) surface with the (110)-(2×1) reconstructed surface, where Fig. S1(a) contains both Au and Cu at the surface and Fig. S2(b) contains pure Cu. The vacancy formation energy !"# is calculated using the equation
where !"! is the total energy of the system(with removed atom), !"# is the energy of the structure before removal of the atom, and !"#$ is the is the energy of either a single Cu or Au atom in the bulk.
To assess the surface stability, we sequentially remove step-by-step atoms labeled in Fig. S2 .
Each labeled site that is removed in Table S1 includes the removal of the atoms that proceed the specified atom. For example, the vacancy formation energy calculated for Site 2 is the removal of atom 2, where the reference structure has atom 1 already removed. Table S1 . The vacancy formation energies of atoms corresponding to labeled atoms in 
